Introduction
============

Neuroblastoma (NB) is the most common extracranial solid tumor that occurs in children, with \>90% of patients being diagnosed before the age of 10 years ([@b1-ol-0-0-11913]). In fact, it is estimated that NB affected 10.72/1,000,000 children \<15 years each year in the United States between 2001--2009 ([@b2-ol-0-0-11913]). At the time of diagnosis, 50% of all NB cases present with metastasis, which are classified as a high-risk clinical phenotype ([@b3-ol-0-0-11913]). Although the treatment of high-risk NB has significantly improved in the past few decades, the long-term survival rate remains \<50%, which is markedly lower compared with other pediatric oncology diseases ([@b4-ol-0-0-11913]).

Apatinib is a novel tyrosine kinase inhibitor of the vascular endothelial growth factor receptor-2 (VEGFR2) ([@b5-ol-0-0-11913]). At the cellular level, apatinib has been reported to selectively block the downstream signal transduction of VEGFR2 ([@b6-ol-0-0-11913]). Apatinib has previously been demonstrated to exhibit promising antitumor effects in various types of tumor *in vitro*, such as osteosarcoma, anaplastic thyroid cancer, lung cancer and hepatocellular carcinoma ([@b7-ol-0-0-11913]--[@b10-ol-0-0-11913]). In addition, in a phase 3 clinical trial, apatinib was identified to significantly improve the median overall and progression-free survival time of advanced gastric cancer, which was refractory to fewer than two lines of prior chemotherapy ([@b11-ol-0-0-11913]). However, to the best of our knowledge, the antitumor effects of apatinib in NB remain unclear.

The antitumor effects of apatinib reportedly act downstream of the VEGFR2 signaling pathway, such as via PI3K/AKT/mTOR, STAT3/Bcl-2 or mitogen-activated protein kinase (MAPK)/ERK ([@b7-ol-0-0-11913],[@b12-ol-0-0-11913],[@b13-ol-0-0-11913]). In particular, it has been reported that the upregulation of phosphorylated (p)-AKT, p-mTOR and MAPK are recurrent events occurring in NB cell lines, and predict a poor prognosis for patients with NB ([@b14-ol-0-0-11913]--[@b16-ol-0-0-11913]).

The present study evaluated the antitumor effects of apatinib and revealed the main signaling pathway affecting the induction of apoptosis and autophagy in NB cells *in vitro*.

Materials and methods
=====================

### Chemicals

Apatinib was obtained from Jiangsu Hengrui Medicine Co., Ltd.. Apatinib (0.5 mg) was dissolved in 1 ml DMSO to a concentration of 1 mM and then diluted with DMEM (cat. no. 10566016; Thermo Fisher Scientific, Inc.) for cell culture.

### Cell culture

NB cell lines \[BE(2)-M17, SH-SY5Y and IMR-32\] were purchased from the American Type Culture Collection. The cells were cultured in DMEM supplemented with 10% FBS (cat. no. 10100147C; Thermo Fisher Scientific, Inc.) and maintained at 37°C with 5% CO~2~.

### Cell viability, proliferation, cell cycle, apoptosis assays and autophagy observation

Cell viability assays were performed using a Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc.) assay. Briefly, the NB cells were plated at a density of 5×10^3^ cells/well into 96-well plates in triplicate and incubated for 24 h. The effects on harvested cells treated with 20 µM near the IC~50~ concentration of apatinib were too poor to perform the cell cycle assay and other experiments; therefore, lower concentrations of apatinib (5 or 10 µM) were used in the present study and the results demonstrated an obvious effect of apatinib on NB cells. Subsequently, the cells were cultured with fresh medium containing 0, 5 or 10 µM apatinib for 24 or 48 h and the absorbance was subsequently measured at 450 nm to assess the effect on cell proliferation. The cell cycle and cell apoptosis assays were performed as previously described ([@b17-ol-0-0-11913]). For autophagy observation, the NB cells were cultured with 10 µM apatinib at 37°C with 5% CO~2~ for 48 h. Then the cellular vacuolization of neuroblastoma cells was visualized via light microscopy (×400 magnification; CKX41; Olympus Corporation, Inc.)

### Colony formation assay

BE(2)-M17 and SH-SY5Y cells were treated with 0, 5 or 10 µM apatinib for 48 h, and then 1×10^3^ cells were seeded and cultured in 6-well plates without apatinib. After 14 days of incubation, the cells were fixed with 100% anhydrous methanol at room temperature for 10 min and stained with 0.5% crystal violet at room temperature for 20 min. The colony numbers were observed using a G:BOX Chemi XRQ (Synoptics Ltd., <http://www.syngene.com>). All experiments were performed in triplicate.

### Wound healing and invasion assays

BE(2)-M17 and SH-SY5Y cells were seeded at a density of 5×10^4^ cells/well into 6-well plates and cultured until they reached 100% confluency. Then, pipette tips were used to make a scratch in the monolayer of the cells. Due to the poor adhesion ability of neuroblastoma cells in medium without FBS, the cells were cultured in DMEM supplemented with 2% FBS and 0, 5 or 10 µM apatinib. Although the medium with 2% FBS had little effect on the proliferation of neuroblastoma cells in 24 h, there was a limitation of our wound healing experiment. The wounded area was monitored every 6 h under a light microscope (×100 magnification; CKX41; Olympus Corporation) and the degree of wound healing induced by cell migration was quantified using Image-Pro Plus software 6.0 (Media Cybernetics, Inc.). The invasion assay was performed as previously described ([@b18-ol-0-0-11913]). For cell invasion analysis, 1×10^5^ cells in serum-free DMEM were plated in the upper membrane of Transwell inserts (8 mm) coated with 60 µl Matrigel (BD Biosciences) in the 24-well plates. High-glucose DMEM containing 20% FBS was added to the lower wells. Migration was allowed to proceed for 24 h at 37°C. Cells that did not migrate through the filters were removed using cotton swabs, and cells that migrated through the inserts were fixed in anhydrous methanol for 10 min and stained with 0.5% crystal violet at room temperature for 20 min. The number of migratory cells were observed under a light microscope (×200 magnification; CKX41; Olympus Corporation). All experiments were performed in triplicate.

### Bioinformatics analysis

The molecular interactions between the VEGFR2 and PI3K/AKT signaling pathways were analyzed using Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database (<http://string-db.org>). In the STRING database, kinase insert domain-containing receptor (KDR) is the official symbol name also known as VEGFR2, and phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit alpha isoform (PIK3CA) is the official symbol name also known as PI3K ([@b19-ol-0-0-11913]).

### Western blotting

Following treatment with apatinib (0, 5, 10 or 20 µM) at 37°C for 48 h in 5% CO~2~, total protein was extracted from BE(2)-M17 and SH-SY5Y cells as previously described ([@b17-ol-0-0-11913]). In the autophagy assay, the starvation group was cultured without FBS at 37°C for 48 h. Total protein was quantified using the BCA Protein Assay kit (cat. no. 23225; Thermo Fisher Scientific, Inc.). Then, 30 µg protein/lane was separated on precast 10% SDS-PAGE gels and subsequently transferred onto polyvinylidene fluoride membranes. The membranes were blocked with 5% bovine serum albumin dissolved in Tris-buffered saline containing 0.1% Tween-20 for 30 min at room temperature followed by incubation with primary antibodies against: Bcl-2 (cat. no. sc-7382; 1:200), Bax (cat. no. sc-7480, 1:200), cyclin D1 (cat. no. sc-8396; 1:200), p70S6 kinase α (cat. no. sc-230, 1:200), phosphorylated (p)-p70S6 kinase α^Ser411^ (cat. no. sc-7983-R, 1:200), mTOR (cat. no. sc-517464, 1:200) and p-mTOR^Ser2448^ (cat. no. sc-293133, 1:200) were purchased from Santa Cruz Biotechnology, Inc., overnight at 4°C. The primary antibody against β-actin (cat. no. A1978, 1:10,000) was purchased from Sigma-Aldrich; Merck KGaA. The primary antibodies against AKT (cat. no. 4691, 1:1,000), p-AKT^Ser473^ (cat. no. 4058, 1:1,000), ERK (cat. no. 4696, 1:2,000), p-ERK^Thr202/Tyr204^ (cat. no. 4376, 1:1,000) and LC3B (cat. no. 3868, 1:1,000) were purchased from Cell Signaling Technology, Inc. The primary antibodies against autophagy related 5 (ATG5; cat. no. 10181-2-AP, 1:1,000) and P62 (cat. no. 18420-1-AP, 1:1,000) were purchased from Proteintech Group, Inc.. Following the primary incubation, membranes were incubated with goat against rabbit IgG-horseradish peroxidase (cat. no. ZB-2301, 1:10,000) and goat against mouse IgG-horseradish peroxidase (cat. no. ZB-2305, 1:10,000; both from Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.) secondary antibodies for 2 h at 37°C. Protein bands were visualized using the Super ECL plus super sensitive luminous liquid (cat. no. P1050; Applygen Technologies, Inc.). The images were captured using the ImageQuant™ LAS 4000 system (GE Healthcare Life Sciences). The densitometry of the scanned immunoblot bands was analyzed using ImageJ software (version 1.52q; Bharti Airtel Ltd, <http://imagej.nih.gov/ij>). Each experiment was performed at least three times.

### Immunofluorescence

BE(2)-M17 and SH-SY5Y cells were seeded at a density of 1×10^5^ cells/well onto glass coverslips in 12-well plates and treated with 0 or 10 µM apatinib for 48 h at 37°C with 5% CO~2~. The NB cells were subsequently fixed for immunofluorescence analysis as previously described ([@b20-ol-0-0-11913]). Following fixation, the cells were penetrated and blocked with PBS containing 10% FBS and 0.4% TritonX-100 at room temperature for 30 min. Subsequently, cells were incubated with primary antibodies against LC3B (cat. no. 3868; 1:200; Cell Signaling Technology, Inc.) and Ki-67 (cat. no. 9129; 1:400; Cell Signaling Technology, Inc.) overnight at 4°C. Following the primary incubation, cells were incubated with rabbit IgG secondary antibody (Alexa Fluor 488, cat. no. ZF-0511; 1:2,000; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.) at room temperature for 1 h and washed three times with PBS containing DAPI (cat. no. D9524; 1:1,000; Sigma-Aldrich; Merck KGaA) at room temperature for 3 min. Cells were observed under a fluorescence microscope (magnification ×200; DM2500, Leica Microsystems, Ltd.) or a laser confocal microscope (magnification ×400; SP8, Leica Microsystems, Ltd.). Staining intensity was calculated using ImageJ software (version 1.52q; National Institutes of Health).

### Statistical analysis

Statistical analysis was performed using SPSS 19.0 software (IBM Corp.). All experiments were performed in triplicate and data are presented as the mean ± standard deviation. Statistical differences between two groups were determined using unpaired Student\'s t-test, whereas one-way ANOVA followed by Bonferroni\'s post hoc test were used for ≥2 groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Apatinib inhibits cell proliferation and the colony formation of NB cells

To determine the antitumor effects of apatinib on NB cells, the NB cell lines BE(2)-M17, SH-SY5Y and IMR-32 were cultured with different concentrations of apatinib. The CCK-8 assay revealed that the viability and proliferation of NB cells were significantly inhibited by apatinib in both a dose- and time-dependent manner ([Fig. 1A and C](#f1-ol-0-0-11913){ref-type="fig"}). At 48 h, the IC~50~ of apatinib was 18.74 µM for BE(2)-M17 cells, 27.37 µM for SH-SY5Y cells and 17.09 µM for IMR-32 cells ([Fig. 1B](#f1-ol-0-0-11913){ref-type="fig"}). Neuroblastoma is frequently associated with the presence of MYCN amplification, a genetic biomarker for poor prognosis ([@b4-ol-0-0-11913]). The SH-SY5Y cell line without MYCN amplification and BE(2)-M17 cell line with MYCN amplification were selected for further experimentation. Subsequently, BE(2)-M17 and SH-SY5Y cells were treated with apatinib for 48 h and then seeded into 6-well plates for 14 days. Apatinib significantly decreased the colony formation efficiency of BE(2)-M17 and SH-SY5Y cells ([Fig. 1D](#f1-ol-0-0-11913){ref-type="fig"}). In addition, the immunofluorescence assay demonstrated that the expression level of Ki-67 was significantly decreased following apatinib treatment ([Fig. 1E](#f1-ol-0-0-11913){ref-type="fig"}). These results indicated that apatinib may inhibit the growth of NB cells *in vitro*.

### Apatinib induces cell cycle arrest and apoptosis of NB cells

To determine the potential mechanism of cell proliferation inhibition, the effects of apatinib on the cell cycle of BE(2)-M17 and SH-SY5Y cells were analyzed using flow cytometry. The cell cycle was significantly arrested at the G~0~/G~1~ phase in BE(2)-M17 and SH-SY5Y cells following treatment with 5 or 10 µM apatinib for 48 h ([Fig. 2A and B](#f2-ol-0-0-11913){ref-type="fig"}). Furthermore, flow cytometric analysis also revealed that apatinib significantly increased the percentage of apoptotic cells in both the BE(2)-M17 and SH-SY5Y cell lines in a concentration-dependent manner ([Fig. 2C and D](#f2-ol-0-0-11913){ref-type="fig"}). These findings indicated that apatinib may induce cell cycle arrest and the apoptosis of NB cells.

### Apatinib inhibits the migration and invasion of NB cells

To investigate whether apatinib affects the processes of invasion and migration in NB cells, wound healing and Transwell assays were performed. The wound healing assay revealed that apatinib significantly suppressed the migration of BE(2)-M17 and SH-SY5Y cells ([Fig. 3A and B](#f3-ol-0-0-11913){ref-type="fig"}). In addition, the invasive abilities of NB cells were significantly reduced following treatment with apatinib for 24 h ([Fig. 3C](#f3-ol-0-0-11913){ref-type="fig"}). These results suggested that apatinib may be a potential anti-metastatic agent for NB.

### Apatinib inhibits the PI3K/AKT/mTOR and MAPK/ERK signaling pathways

Bioinformatics analysis revealed molecular interactions between the VEGFR2 and PI3K/AKT signaling pathway ([Fig. S1](#SD1-ol-0-0-11913){ref-type="supplementary-material"}). Western blotting subsequently demonstrated that the expression ratios of p-AKT/AKT, p-mTOR/mTOR and p-p70S6K/p70S6K were significantly decreased by apatinib treatment in NB cells ([Fig. 4A and B](#f4-ol-0-0-11913){ref-type="fig"}). Since MAPK/ERK is the downstream signaling pathway of VEGFR2 ([@b21-ol-0-0-11913]), the present study also demonstrated that apatinib inhibited the phosphorylation of ERK in NB cells ([Fig. 4C and D](#f4-ol-0-0-11913){ref-type="fig"}). As apatinib induced cell cycle arrest and the apoptosis of NB cells, the expression levels of Bcl-2, Bax and cyclin D1 following the treatment with apatinib were also investigated ([Fig. 4C and D](#f4-ol-0-0-11913){ref-type="fig"}). The results demonstrated that as the concentration of apatinib increased, the expression of Bcl-2 decreased, while the expression of Bax increased first and then decreased in the SH-SY5Y and BE(2)-M17 cell lines, respectively. It was speculated that the accumulation of apoptotic cells was induced by a high concentration of apatinib, which decreased Bax protein expression. However, after the gray value statistics, the Bcl-2/Bax ratio, which determines the direction of apoptosis, was decreased. It was also identified that apatinib significantly reduced the expression levels of cyclin D1 in NB cells, which is important for the progression of the cell cycle. Altogether, these findings suggested that apatinib may induce apoptosis through inhibition of the PI3K/AKT/mTOR and MAPK/ERK signalling pathways.

### Apatinib induces autophagy in NB cells

Furthermore, under the microscope, it was observed that apatinib induced the vacuolization of NB cells ([Fig. 5A](#f5-ol-0-0-11913){ref-type="fig"}). Thus, the expression levels of p62, ATG5, LC3-I and LC3-II, which are important proteins involved in the initial stages of autophagy ([@b22-ol-0-0-11913]), were analyzed. LC3B is the main isoforms of LC3 and was used as an autophagy indicator. The starvation group was used as a positive control of autophagy. The western blotting analysis revealed that following apatinib treatment, the expression levels of p62, ATG5 and LC3B-II/I were significantly increased in NB cells, which was consistent with the starvation group ([Fig. 5B](#f5-ol-0-0-11913){ref-type="fig"}). Furthermore, NB cells exhibited a dot fluorescence pattern of LC3B following treatment with apatinib ([Fig. 5C](#f5-ol-0-0-11913){ref-type="fig"}). In addition, following apatinib treatment, the ratios of LC3B positive cells in the SH-SY5Y and BE(2)-M17 cell lines significantly increased compared with the control groups. These results suggested that apatinib may induce autophagy in NB cells.

Discussion
==========

Apatinib, a highly selective tyrosine kinase inhibitor to VEGFR2, has been reported to exert antitumor effects in various types of tumors, such as osteosarcoma, thyroid cancer, cervical cancer and gastric cancer ([@b7-ol-0-0-11913],[@b8-ol-0-0-11913],[@b23-ol-0-0-11913],[@b24-ol-0-0-11913]). The present study aimed to demonstrate the potential antitumor effects of apatinib in NB cells *in vitro*. It was identified that apatinib induced apoptosis and autophagy in NB cells, which mainly occurred via the PI3K/AKT/mTOR and MAPK/ERK signaling pathways.

The induction of angiogenesis is a hallmark of cancer ([@b25-ol-0-0-11913]) and an important step for cancer metastasis ([@b26-ol-0-0-11913]). It is reported that \~50% of newly diagnosed patients with NB present with metastasis, usually at the site of the bone or bone marrow ([@b3-ol-0-0-11913]). Unfortunately, patients with NB that present with bone or bone marrow metastasis have a poor prognosis ([@b27-ol-0-0-11913]). VEGFR serves an important role in the process of angiogenesis in cancer ([@b28-ol-0-0-11913]), and the use of VEGFR tyrosine kinase inhibitors, such as axitinib, sorafenib and sunitinib, has been revealed to effectively inhibit the angiogenesis of NB both *in vitro* and *in vivo* ([@b29-ol-0-0-11913]--[@b31-ol-0-0-11913]).

It has been reported that apatinib induces apoptosis and autophagy via the VEGFR2/STAT3/Bcl-2 signalling pathway in osteosarcoma and via ER stress in colorectal cancer ([@b7-ol-0-0-11913],[@b32-ol-0-0-11913]). In the present study, apatinib was observed to inhibit cell proliferation, colony formation, and the migration and invasion of NB cells *in vitro*. The inhibitory effects of apatinib were associated with apoptosis and cell cycle arrest in both a time- and dose-dependent manner. Subsequently, western blotting analysis revealed that the Bax/Bcl-2 ratio was increased, which is associated with cell apoptosis ([@b33-ol-0-0-11913]), whilst the expression level of cyclin D1 was downregulated, which is associated with arrest of the cell cycle ([@b34-ol-0-0-11913]). Furthermore, apatinib inhibited the colony formation, migration and invasion of NB cells. The PI3K/AKT/mTOR and MAPK/ERK signaling pathways regulate numerous cellular processes and physiological functions, including cell proliferation, cell migration, cell metabolism and cell survival ([@b35-ol-0-0-11913],[@b36-ol-0-0-11913]). PI3K/AKT/mTOR and MAPK/ERK act downstream of the VEGFR2 signaling pathway ([@b37-ol-0-0-11913]). The findings of the present study also demonstrated that apatinib downregulated the phosphorylation of AKT, mTOR, p70S6K and ERK.

Autophagy serves an important role in the progression and treatment of cancer ([@b38-ol-0-0-11913]). A crucial regulator of autophagy is the nutrient sensor mTOR, which negatively regulates autophagy ([@b38-ol-0-0-11913]--[@b40-ol-0-0-11913]). A previous study has revealed that Bcl-2 suppresses autophagy and that inhibiting Bcl-2 promotes the autophagy of cells ([@b41-ol-0-0-11913]). The presence of LC3 in autophagosomes and the conversion of LC3 to the lower migrating form, LC3-II, are considered to be indicators of autophagy ([@b42-ol-0-0-11913]). ATG5, which associates with the phagophore, and p62, which targets specific substrates to autophagosomes, may also be used as measurements of the autophagic flux ([@b38-ol-0-0-11913],[@b43-ol-0-0-11913]). In the present study, the expression levels of LC3-II, p62 and ATG5 were significantly upregulated, while the expression levels of Bcl-2 and p-mTOR were significantly inhibited following the treatment with apatinib. These results may further explain the autophagic mechanism of apatinib. However, further *in vivo* analysis is required to determine whether apatinib can exert antitumor effects and even suppress the metastasis of neuroblastoma by inhibiting angiogenesis via VEGFR2.

In conclusion, to the best of our knowledge, the present study was the first to reveal the antitumor effects of apatinib in NB cells *in vitro*. The findings suggested that apatinib may inhibit the VEGFR2-dependent PI3K/AKT/mTOR and MAPK/ERK signaling pathways, further to inducing the apoptosis and autophagy of NB cells. These findings may provide a basis for future clinical trials to investigate whether apatinib could be used for the treatment of NB.
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![Effects of apatinib on the cell viability, proliferation and colony formation of neuroblastoma cells. (A) Different concentrations of apatinib inhibited the viability of SH-SY5Y, BE(2)-M17 and IMR-32 cells. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. 0 µM group. (B) The IC~50~ values of apatinib in SH-SY5Y, BE(2)-M17 and IMR-32 cells following the treatment for 48 h. (C) Different concentrations of apatinib inhibited the proliferation rates of SH-SY5Y and BE(2)-M17 cell lines. \*\*\*P\<0.001. (D) Apatinib decreased the colony formation rate of SH-SY5Y and BE(2)-M17 cells. \*\*\*P\<0.001 vs. 0 µM group. (E) The expression of Ki-67 in SH-SY5Y and BE(2)-M17 cells following treatment with apatinib for 48 h was detected using immunofluorescence. Scale bar, 100 µm. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. 0 µM group.](ol-20-04-11913-g00){#f1-ol-0-0-11913}

![Effects of apatinib on the cell cycle and apoptosis of neuroblastoma cells. (A and B) The cell cycles of SH-SY5Y and BE(2)-M17 cells were arrested at the G~0~/G~1~ phase following treatment with apatinib for 48 h. (C and D) The apoptotic rates of SH-SY5Y and BE(2)-M17 cells following the treatment with apatinib for 48 h. Q2 represents the late apoptotic cells and Q3 represents the early apoptotic cells, and these quadrants were used to quantify the percentages of apoptotic cells. \*\*P\<0.01 and \*\*\*P\<0.001 vs. 0 µM group. PI, propidium iodide.](ol-20-04-11913-g01){#f2-ol-0-0-11913}

![Effects of apatinib on the migration and invasion of NB cells. Apatinib significantly suppressed the migratory ability of (A) SH-SY5Y and (B) BE(2)-M17 cells, as determined using a wound healing assay. Scale bar, 100 µm. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. 0 µM group. (C) Apatinib significantly inhibited the invasive ability of SH-SY5Y and BE(2)-M17 cells after 24 h, as determined using a Transwell assay. Scale bar, 100 µm. \*\*\*P\<0.001 vs. 0 µM group.](ol-20-04-11913-g02){#f3-ol-0-0-11913}

![Apatinib inhibits the PI3K/AKT/mTOR and MAPK/ERK signaling pathways. Western blotting also revealed that apatinib downregulated the expression levels of p-AKT, p-mTOR, p-p70S6K and p-ERK in (A) SH-SY5Y and (B) BE(2)-M17 cells after 48 h. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. 0 µM group. MAPK, mitogen-activated protein kinase; p-, phosphorylated. Western blotting demonstrated that apatinib decreased the Bcl-2/Bax ratio and cyclin D1 expression levels in (C) SH-SY5Y and (D) BE(2)-M17 cells after 48 h. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. 0 µM group.](ol-20-04-11913-g03){#f4-ol-0-0-11913}

![Apatinib treatment induces autophagy in NB cells. (A) Cellular vacuolization induced by 10 µM apatinib treatment for 48 h in SH-SY5Y and BE(2)-M17 cells was visualized using light microscopy. The arrows indicate the vacuoles in NB cells. Scale bar, 20 µm. (B) Expression levels of P62, ATG5 and LC3B-II/I were significantly downregulated by apatinib in SH-SY5Y and BE(2)-M17 cells. (C) Early autophagosomes stained with LC3B following 10 µM apatinib treatment in NB cells for 48 h. Cells were observed by confocal microscopy. Scale bar, 30 µm. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. 0 µM group. NB, neuroblastoma; ATG5, autophagy related 5; LC3, microtubule-associated protein 1A/1B-light chain 3.](ol-20-04-11913-g04){#f5-ol-0-0-11913}
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